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The human food chain, from the raw 
 materials to the human gut microbiota, 
can be regarded as a sequence of intercom-
municating macro- and micro-ecosystems 
inhabited by more or less specialized micro-
bial populations or consortia. The dynamics 
of development or selection of these dif-
ferent populations or individual species, 
including pathogens, spanned along the 
entire chain, as well as the effects of their 
metabolic activity on the food quality and 
safety, are matters of fundamental interest 
which involve also social and regulatory 
aspects. The borderlines of the well-known 
“reservoirs” or ecological niches of certain 
microbial species or ecotypes are destined 
to be widened. In fact the virtual human 
food chain tends to expand in time and 
space due to the extension of the products 
shelf life, the market globalization, the 
multiplicity of the geographic origin of the 
raw materials, which vehiculate pathogens 
and favor the spread of antibiotic resistant 
organisms. The diffusion of new thermal 
and non-thermal technological processes 
or new ingredients and the evolution of 
the distribution and consumption pat-
terns require a continuous revision of the 
microbiological risk assessment. In fact, 
pathogen and spoilage organisms respond 
dynamically to their environment and its 
changes. Understanding their behavior is 
critical because of the evidence of increas-
ing resistance to established sanitization and 
preservation techniques, and the increased 
use of minimal processes conditions, which 
are more vulnerable to the development of 
resistance. The evaluation of the risk in food 
safety requires prevision of the probability 
that microbial population sizes will not 
exceed defined levels at the consumption 
level (Food Safety Objectives). Predictive 
microbiology involves knowledge of the 
responses, in terms of survival, inactiva-
tion and growth, to environmental factors 
summarized as equations or mathemati-
cal models. Coupled with information on 
environmental history during process-
ing and storage, predictive microbiology 
 provides information in making decisions 
on the microbiological safety and quality of 
foods. However, food systems are colonized 
by microbial communities, which comprise 
an interwoven matrix of biological diversity 
undergoing physical or chemical variations 
over space and time. Relatively little is known 
about their structure and function and pre-
dictive modeling is limited by a dearth of 
comprehensive ecological principles that 
describe microbial community processes. 
During the last century the emphasis on 
the study of microbes in pure culture has 
isolated microorganisms from their com-
munities and focused on their individual 
behavior in the biologically simple micro-
environment of the experiment. Although 
these simple approaches have driven an 
explosion of knowledge in cellular proc-
esses and host–microbe interactions over 
the last two decades, now we have to focus 
the reality of food natural communities and 
complex assemblages as well (Little et al., 
2008). It is necessary to explore the inter-
nal processes of microbial communities in 
an effort to begin to define the principles 
that underpin their ecological and evolu-
tionary patterns. Defining these principles 
is necessary to enable predictive modeling 
of the dynamics of microbial communities 
in foods.
In contrast to their role as “enemies” the 
microorganisms can also act as “friends”. 
The extraordinary precognition of the tran-
scendentalist American poet Emerson that 
“more servants wait on man than he’ll take 
notice of” evokes the incessant beneficial 
activity of the fermenting yeasts and lactic 
acid bacteria.
Food fermentation is the oldest form 
of food preservation and fermented foods 
have been produced and consumed for 
thousands of years and are strongly linked 
to human culture and traditions. It is esti-
mated that fermented foods contributed to 
about one-third of the diet of worldwide 
and fermentation is a globally applied force 
for the preservation of a wide range of raw 
materials (cereals, roots, tubers, fruit and 
vegetable, milk, meat, fish etc.). Over the last 
few decades the field of fermented food has 
experienced a very fast development thanks 
to the applications of methods allowing 
precise picturing of their microbial ecol-
ogy. In fact much research effort has been 
dedicated to the development and optimi-
zation of molecular culture-independent 
techniques, such as 16S ribosomal DNA 
(rDNA) PCR, denaturating gradient gel 
electrophoresis (PCR-DGGE) or fluores-
cence in situ hybridization (FISH), for the 
reliable detection and monitoring of the 
microorganisms involved in the transfor-
mations activities (Giraffa and Carminati, 
2008). Moreover the worldwide produced 
fermented products are regarded as valuable 
mines of microbial diversity and genes of 
biotechnological interest. Because of their 
economical potential, many of the microor-
ganisms isolated and characterized during 
this last century have received considerable 
attention from the pharmaceutical and 
biotechnological industries. In particular 
the lactic acid bacteria and probiotic spe-
cies play an essential role in the develop-
ment of the dairy industry not only for the 
increasing diffusion of cheese production 
whose diversification numbers more than 
700 kinds, which are manufactured world-
wide, but also the tremendous increase of 
the human consumption of acidified/fer-
mented milks. However, at present only 
a small number of suppliers throughout 
the world provide the starter market with 
a few strains whose general employment 
tends to flatten the taste and the flavor of 
the products.
Control of activity and functionality 
of microbial starters, as well as probiotic 
cultures under industrial fermentation 
conditions, is a crucial aspect for obtaining 
desirable and safe products. Acid, oxidative, 
chemical, osmotic stresses are just some of 
the harsh conditions that starter and non-
starter microorganisms have to manage 
to endure during fermentation processes. 
In order to respond to stressful situations 
all organisms have developed adaptative 
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diet, prebiotic and probiotic intake, etc. The 
increasing awareness of the key role of this 
last link on human health and immune sys-
tem has fueled an intense research activity 
on the effects of the flow of energy, nutrients 
and microorganisms, through the system, on 
the changes of the microbiota composition 
and its metabolism. Analytical approaches 
for understanding the compositions and 
functions of the intestinal microbiota are 
being developed to meet the challenges 
of the many tasks ahead (Nicholson et al., 
2002; Ndagijimana et al., 2009).
Due to the different and contrasting 
roles of microorganisms in food quality, 
shelf life and safety, the research mission in 
Food microbiology should not be too nar-
rowly defined.
Despite the diversity and complexity 
of this discipline, knowledge, prediction 
and control of the response mechanisms, 
growth and metabolic performances along 
the food chain and during the biotechno-
logical processes can be seen as common 
aims and research priorities for food micro-
biologists. The achievement of such tasks 
requires also a multidisciplinary knowledge 
of the inter- and intra-specific communi-
cation mechanisms and of the interactions 
between microbial cells and food systems, 
their complexity, geometry, micro and 
macrostructure as well as chemico-physical 
variables and their changes over time.
networks including stress responses. The 
changes in transcription rates, translation 
products and/or metabolism are some of 
the mechanisms in the “répertoire” of how 
the cells react to the stimuli. Understanding 
such mechanisms has become interesting 
for the food industry because of the need for 
defined and stable starter cultures. Major 
advances in high throughput technolo-
gies for the detection and quantification of 
nucleic acids, proteins, and metabolites have 
led to a paradigm shift in microbiological 
research. The new field of system biology 
attempts to integrate the complex data sets 
generated by high throughput approaches 
to develop a holistic understanding of com-
plex biological structures and their respon-
siveness to external stimuli. System biology 
organizes data obtained by genomic, tran-
scriptomic, proteomic, and metabolomic 
approaches to attempt to build descriptive 
and mechanistic models of integrative bio-
logical phenomena such as development or 
interactions of organisms with their envi-
ronment (Kultz et al., 2007).
The microbial ability to respond to 
chemico-physical stresses is a pre-requisite 
also to survive in the human gut microbi-
ota. Gibson (2002) defined the human gut 
microbiota “the end of the food chain and 
the start of good health”. In fact its com-
position, through dependant on the host 
phenotype and history, is affected by the 
